SUMMARY
The risk of HIV transmission has renewed interest in methods for minimizing perioperative homologous blood transfusion [1] , Although deliberate hypotensive anaesthesia has been shown to reduce intraoperative blood loss and transfusion requirements [2, 3] , its use in the hypertensive patient remains controversial because of the potential risk of myocardial infarction, stroke or, possibly, renal failure [4] .
Reduction in mean arterial pressure (MAP) may result in EEG changes secondary to a decrease in cerebral blood flow [5] . This is of particular concern in hypertensive patients who may have altered cerebral autoregulation [6, 7] . To circumvent this problem in elderly patients, a technique of inducing hypotension using extradural anaesthesia was developed, enabling mental status changes to be assessed during operation with the patient awake. The technique involves injection of sufficient doses of local anaesthetic into the extradural space to obtain upper thoracic levels of anaesthesia, resulting in a reduction of MAP. Circulatory stability is maintained thereafter throughout surgery by infusion of low dose adrenaline, which maintains cardiac output [8] and minimizes the risk of bradycardia [9] .
This study investigated this technique in patients with hypertension. This is important, as a significant percentage of patients undergoing total hip replacement are elderly and hypertensive [10] .
PATIENTS AND METHODS
Following hospital Ethics Committee approval, we studied 1056 patients undergoing elective total hip arthroplasty under hypotensive extradural anaesthesia. In 69 of these patients haemodynamic measurements were obtained and in 987, a consecutive case group study was performed.
Patients were denned as hypertensive if they had been diagnosed by a physician as having hypertension necessitating treatment at some time before surgery. Patients with diastolic pressure of llOmmHg or greater on admission to the hospital had surgery delayed pending greater control of hypertension. All other patients were classified as non-hypertensive.
Haemodynamic measurements
The haemodynamic response to induced hypotension with extradural anaesthesia was measured in 31 patients who were admitted with a diagnosis of hypertension and in 38 nonhypertensive patients. Patients receiving f}-blocking drugs (which are known to cause altered haemodynamic response to extradural anaesthesia [11] ) or those with valvular heart disease were excluded. Of the 31 hypertensive patients, 29 were currently receiving antihypertensive treatment. Left ventricular hypertrophy (LVH) was defined by presence of left axis deviation with or without voltage criteria for LVH.
Indications for insertion of a pulmonary artery catheter included hypertension (n = 31), history of ischaemic heart disease (n = 11), congestive heart failure (n = 1), bilateral (n = 11) or revision (n = 15) total hip arthroplasy. The catheter was left in situ for 24 h.
Patients did not receive any premedication. On arrival in the operating room, they were sedated lightly with midazolam 1-3 mg and fentanyl 25-50 ug i.v. Patients received Ringer's Lactate 70 ml h -1 overnight, but not a fluid load before extradural anaesthesia, and they did not receive a volume greater than 200 ml of i.v. fluid between measurements. A 20-gauge radial artery catheter and the pulmonary artery thermodilution catheter were inserted under local anaesthesia using 1 % lignocaine.
Patients were positioned in the lateral decubitus position and the transducers were positioned at the level of the midsternum. Heart rate, mean arterial, pulmonary artery and central venous pressures were recorded. Cardiac output was measured in triplicate using saline 10 ml at room temperature.
Extradural anaesthesia was performed at the L2-3 interspace by injecting 0.75% bupivacaine plain 15-25 ml via a 17-gauge Tuohy needle to achieve a sensory level to pinprick of T4 or above. An extradural catheter was inserted in all patients. Central venous infusions of adrenaline were started several minutes after the extradural injection in all patients as the arterial pressure began to decrease and the rate was adjusted (1-5 mg h" 1 ) to maintain a mean arterial pressure of 50-55 mm Hg. Ten to fifteen minutes after induction of a stable hypotensive state, haemodynamic measurements were repeated.
Consecutive case group
We studied prospectively 1016 consecutive patients undergoing elective total hip arthroplasty from January 1988 until April 1989. Twentyseven patients who received general anaesthesia and 24 receiving spinal anaesthesia were excluded. The analysis included 987 patients receiving extradural anaesthesia; 353 patients had a preoperative diagnosis of hypertension (86 % were currently receiving antihypertensive medication) and 634 were not hypertensive.
Extradural anaesthesia was induced as described previously and all patients were monitored by direct arterial pressure recording. Mean arterial pressures were stabilized at 50-70 mm Hg by a combination of low dose adrenaline (1-5 |ig min" 1 ) and i.v. fluids. In patients (« = 267) in whom MAP did not decline sufficiently, sodium nitroprusside was infused i.v. to induce hypotension. Patients were monitored continuously with pulse oximetry, V 6 ECG and radial artery pressure. Mental status was monitored intermittently throughout anaesthesia by conversing with the patient.
Hypotension during operation was assessed as follows: systolic pressures were recorded on arrival of the patient in the operating room and during operation (smallest systolic arterial pressure and that immediately before insertion of the femoral prosthesis). Intraoperative recordings of MAP were obtained from a monitor (Puritian Bennett 240-Wilmington, Mass. USA) which 3 (8) 8 (21) 1 (3) 4 (11) 5 ( records data points every 20 s. From these recordings, sustained reductions in MAP from baseline were defined. These recordings were used to determine the duration and degree of induced intraoperative hypotension. Reduction in mean arterial pressures were categorized as 20-29%, 30-39%, 40-49%, or greater than 50%.
During closure of the wound, arterial pressure was increased by a combination of i.v. fluids and ephedrine. Blood loss was estimated by weighing swabs and measuring irrigation and drainage during operation.
Postoperative assessment
Patients with significant risk factors were maintained in an intensive care environment for 24-48 h, during which they received extradural analgesia and continued invasive haemodynamic monitoring. Patients with ischaemic heart disease had a 12-lead ECG recorded immediately after operation. Subsequently, ECG were recorded according to clinical needs. Surveillance of postoperative complications was performed through the hospital Quality Assurance programme, which screens all patients for adverse outcome. Death, acute renal failure, stroke and symptomatic Q wave myocardial infarcts (Q > 0.03 s) were defined as adverse outcomes.
Statistical analysis
Data are presented as means (SD). Contingency 
RESULTS

Haemodynamic study group
Patient characteristics are shown in table I. Baseline haemodynamic data in hypertensive and non-hypertensive patients are shown in table II. Baseline MAP and systemic vascular resistance (SVR) were significantly greater in hypertensive than in non-hypertensive patients, whereas stroke volume (SV) was smaller. Cardiac output (CO), heart rate (HR), central venous pressure and mean pulmonary artery pressure were not significantly different. Following induction of hypotension during extradural anaesthesia, significant reductions in MAP, HR, pulmonary artery diastolic pressure, SVR and left ventricular stroke work index were observed. However, CO and SV remained unchanged in both groups (table II) . When changes in haemodynamic variables from baseline to hypotensive state were compared between hypertensive and non-hypertensive patients, no significant difference was discernible (table II) . To assess the effect of LVH on the haemodynamic response to induced hypotension during extradural anaesthesia, patients with and without ECG criteria of LVH were compared. No significant differences were noted (table III) .
Consecutive case group
Patients with hypertension were significantly older (68 vs 60 yr), had greater ASA ratings, a higher frequency of previous myocardial infarction, congestive heart failure, diabetes mellitus and bundle branch block (table IV) .
The intraoperative changes in radial artery pressures are shown in table V. Patients with hypertension had significantly greater systolic pressure on arrival in the operating room (162.6 (27.2) mm Hg compared with 139.1 (21.5) mm Hg (P < 0.0001)). During operation the smallest recorded systolic pressures were 70.0(11.8) and 67.6 (10.2) mm Hg. After femoral reaming, systolic pressures were 88.7(13.5) and 83.6(11.6) mm Hg, and peak reductions in systolic pressure were 57% compared with 52% (P < 0.001), in hypertensive and non-hypertensive patients, respectively. Similarly, systolic pressures before insertion of the femoral prosthesis were reduced by 45% and 40%, respectively, after reaming (P < 0.001). The mean duration of hypotension, expressed as change from the initial arterial (10) 33 (9) 31 (9) 13 (4) 4 (1) 22(6) 12 (3) 24 (7) 
Complications
There were three deaths (0.3%) in the postoperative period. One patient, who had hypertension, died 46 h after operation, following an acute anterior wall myocardial infarct. Two other patients who did not have hypertension died, one from aspiration 36 h after operation, and the other on the 5th day after operation, as a result of acute pulmonary embolism. One other patient developed a Q wave inferior wall myocardial infarct 24 h after operation. Both patients who developed Q wave myocardial infarcts had histories of ischaemic heart disease, but only one was hypertensive.
Although one patient with preoperative renal dysfunction had an increase in serum creatinine ) on the 3rd day after operation, no patient developed stroke or acute renal failure after operation.
DISCUSSION
The reductions in mean arterial pressure of 40-50% after extradural anaesthesia were tolerated well in our patients with medically controlled hypertension. Furthermore, intraoperative hypotension lasting an average of 98 min during total hip replacement did not result in any measurable increase in adverse outcome. These observations suggest that medically controlled hypertension is not a contraindication to induced hypotension using extradural anaesthesia.
Many anaesthetists question whether or not hypotensive anaesthesia should be used in patients with hypertension [2, 4, 12] because of the risk of cerebral hypoperfusion [13] , myocardial infarct [14] or renal failure [15] . Untreated severe hypertension leads to widespread structural and physiological changes in the circulatory system. These include hyperplasia of the media of arterioles [16] , left ventricular hypertrophy [17] , alterations in autoregulation of regional blood flow [18] and reduction in the circulating blood volume [19] . In this setting, hypotensive anaesthesia may lead to reduction in cardiac output and tissue hypoperfusion [20] . However, with adequate control of hypertension ventricular hypertrophy resolves [21] , autoregulation of cerebral blood flow may become normal [7] and blood volume expands. This may explain why the haemodynamic response to induced hypotension with extradural anaesthesia was not significantly different between treated controlled hypertensive patients and non-hypertensive patients.
The consequences of a reduction in cerebral blood flow are difficult to assess during general anaesthesia. Strandgaard noted in awake humans that clinically significant reductions in cerebral blood flow resulted in nausea, yawning, confusion, hyperventilation and, if not corrected, unconsciousness [7] . He attributed these symptoms to reductions in cerebral blood flow secondary to hypotension. However, the techniques used to decrease arterial pressure in his patients also reduced cardiac output. In our experience, these signs have not been observed in hypertensive patients at mean arterial pressures of 50 mm Hg with adequate cardiac output. However, we have observed these symptoms when the cardiac index decreased to less than 1.8 litre min" 1 m~2. This implies that the safety of induced hypotension with extradural anaesthesia is dependent upon adequate cardiac output and the ability to monitor cerebral function.
Patients with ventricular hypertrophy may be at risk of developing subendocardial ischaemia [19, 21] or reduction in cardiac output [22] during induced hypotension. We attempted, therefore, to classify patients into two groups: those with and those without ventricular hypertrophy. As we were unable to perform echocardiographic determination of ventricular mass [17] , ECG criteria alone were used. Surprisingly, patients with ECG criteria of LVH did not respond differently to induction of hypotension during extradural anaesthesia. This may imply that, as coronary perfusion pressure decreases, reductions in wall tension occur which are sufficient to preserve supply/demand relationships [23] . We also observed preservation of stroke volume in spite of a reduction in preload. This may represent improved systolic emptying from reduced afterload [24] .
Two (1-3%) of the 153 patients with a pre-operative diagnosis of ischaemic heart disease developed myocardial infarctions after operation. As only one of these patients had hypertension, it does not appear that hypertension per se predisposed patients to postoperative Q wave myocardial infarction. Rates of clinically apparent myocardial infarction following major surgery vary from 0.1 to 0.7% [25] . In spite of our high risk population, only 0.2 % had postoperative Q wave myocardial infarction, which suggests either that the risks of perioperative myocardial infarction after total hip replacement are low, or that induced hypotension during extradural anaesthesia does not increase the incidence of myocardial infarction. Several other factors may have contributed to the low risk of myocardial infarction in this group. All patients received aspirin 325 mg twice daily after operation. Most patients with histories of arteriosclerotic heart disease or congestive heart failure had pulmonary artery monitoring for 24 h after operation and were kept pain free for 12-24 h after operation with extradural infusions of fentanyl and bupivacaine. Hospital mortality rates after total hip replacement range from 0.3% to 2.8% [26, 27] . The major causes of death are pulmonary embolism [28] (up to 3.5%), myocardial infarction and respiratory failure/pulmonary oedema [29] . It would appear, therefore, that induced hypotension during extradural anaesthesia does not increase, but may help to decrease, perioperative mortality. It is difficult, however, to draw conclusions when comparing historical death rates between different hospitals.
Renal failure is an uncommon sequela of hypotensive anaesthesia [30] , and only one patient in this series developed an increase in serum creatinine concentration after operation. He had pre-existing mild renal dysfunction, and the increase was probably unrelated to the anaesthesia. Hypertensive patients with renovascular disease may develop oliguria during hypotensive anaesthesia [4] .
Stroke is a major complication of untreated hypertension [31] . Because of concern regarding autoregulation of cerebral blood flow, many anaesthetists avoid hypotensive anaesthesia in hypertensive patients [7] . However, many strokes are either embolic or haemorrhagic in aetiology and not related to hypotension per se [32] . Ability to preserve cardiac output and monitor cerebral function by conversing with awake patients should make hypotensive extradural anaesthesia more acceptable.
Extradural anaesthesia may offer several advantages for total hip surgery, including reduction in intraoperative blood loss [2, 3] , perioperative homologous transfusion requirements [3, 33] and thromboembolism [34] . Induced hypotension may also improve fixation of cemented components [35] and reduce the likelihood of hypotension following insertion of a cemented prosthesis [36] . Other methods of reducing requirements for homologous transfusion include preoperative autologous blood donation, intraoperative salvage or haemodilution, and administration of erythropoietin before operation [37] .
Previous studies have suggested that episodes of hypotension are associated with an increased incidence of perioperative myocardial infarction [14, 38] . However, the monitoring techniques used were usually non-invasive and the hypotension often secondary to underlying disease or shock. Recent studies in patients undergoing coronary artery bypass graft surgery have shown that tachycardia [25, 39] rather than hypotension is most likely to precipitate ischaemia, and that postoperative myocardial infarction usually develops in patients with pre-existing ischaemia and is not related merely to variation in haemodynamic state [40] . Our experience suggests that arterial pressure reduction of up to 50 % during extradural anaesthesia did not result in adverse outcomes when associated with satisfactory cardiac output, blood volumes and heart rate.
